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Wi (Cyprinus carpio)si J& ¥ H (Cyprini-
formes). £} (Cyprinidae). )& (Cyprinus), HAK
RS, CORHEIT, BESUAR L) SN, 2 RiTY i [X 8 22
225 RO B B R TR S AT . AT, A 00 X 4
50 1 A B ) PR AR TE D, A ST AU T R SO A 2
Xof R A A L B WS R A R R 3R 5 T Y
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11 e RFEEM

SIS R bRt O E AT AR M LR
SEIGUE H R PR, HOGR = 44 F 775, 14d)5 R
PLRE R JoT ok RAS AT A 4 i 750 8. (126.3 7+
5.62) g, TSLU0 EIGIA /K R G EAT DL I 6T 374,
AN FENE B EL(2.0 mx0.8 mx0.6 m)50)/E, 15
Ho FEFUKIRQ1E)C, A =4 mg/L, R 4
9:00—9:30. F4-15:00—15:30 % HEME 17, # M8 IE
U A= B S AL DR, H P o R E
2%—3%, R PR G OUHOE 2 . FE5—7dH
IK IR, R Bk B BOK B 15%, 24h 785 . 5K
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JKTH AL 58 750 1x. B IR AN IE RS2 56 3, B
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SEOG A SRR BT 9 7d ), JFRIER . S2ge g
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SREE241L10D OB [A]8:00—k H8:00). EL:H
0L 124D (LG FIXT AL 120 12D (' i (]
8:00—20:00). 5K HLED YR RYIT 4547
WA R AR, N EE0400—780 nm). 14
B R F N— A6 A A H A, R H W3 TPAT .
SZIG R HAN90d. SEIG S 1R, BN SR A EN 30 5K
Gt EAR R, TEMAKTYRAEHE. 256
15, #30. 45, $H60. HFHTSMH0K BT K
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s, )RR . SRR SO0, BN A AL B
BEATLEL 60 B S 46 1 78 UK A5 1 A 351 B 4 i 41 2, TGk
B F G T—80°Cyk 48 1547 4 1, FEBEHLEL
30L& T EH . Ak TR S A
o SCIRHIEIC SR BOE R . TARLE . SRR
T, RRIRAE M L h S S PR AT F 7%
HZF ARG, T70°CHAT BRBE . AREE, fRA7 %

1.3 ZRNARHSEYMHERRIEENE

TRIzo % H HUAS [R50 i 1 2% 0 S 56 1 4 fixi
(P RNA, FH B G B 58 VK 8 RNA S B4, 22
R Asgomm/ Aasonm K A1.8—2.0" ", B 8 W BRI
H1.5%. HHESYBR Premix Ex Tag' 1LKit (Tli
RNaseH Plus) ) 5 ¥ 15vH FEN, I Premier SEK 1%
THEYB LK Clocks Cryl. Bmall. Per2ZE [ F1p-
actin3 NI F 51 o B-actind NN S H T
FIMBAEEAEM TIRKE) AR AR ER. 517
BRI 1.
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L E/E] P o S
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Tab. 1 Primers used in the study

ElEVEZR S Fr3l

Premer name Sequence (5'—3")

PRI
Length of product
sequence (bp)

B-actin-F  CTCTATTGTTGTCTATCCT

pacting  1CTTTCCCACGAAGCCTT 217

A
ATCACCACCTAGGGCCA
ATA
CTACGCCGGTTCTCCTTT
CT
GTAGTTCCTGCTATATGG
CCT
TACATGCTGCGATTTGTT
TTGG

Bmall-F  GTAGACCGGGCGACAGAAG

CTGAACCAGATGAAACG 215
ACTC

ATGATCCCGAAACGAGC

C

CAGTTGCCTTCGATTTTG

TGA

Clock-F
315
Clock-R

Cryl-F
281
Cryl-R

Bmall-R

Per2-F
241
Per2-R
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KAt TKA C5000%8 20 & FHill E %1 i
efi, FHKDN5204 A 3l dl K e B E & A= .
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(Z BRI REE); PARERK A (&R MiKkRE B
Wt AR RE ), FAZEERR( A7 & 3 R (E < 3%
), RV RECGE T ik A it 5, BIR=C-
P-F-U""); Ul B GBI B S 2 M &, B
U=(Cn—Fn—PN)*24.83. HH O N EWIR. FyZs
R PNNEKR).

N
H
N
H

2 #£R

2.1 HEK. ARRBRERE

M 2R WL, TEREAS S 4, & A HE2H SR B
B R T AR (P>0.05), 24L41F118L: 6D 17
BABEZFHCT 120 12D, 8L 16D F124D4H
(P<<0.05). LIGHT30dMN, & ALFRA R B A KE T
B (P>0.05), {HFEESLIG R [ 4E K, 241
4H. 18L:6DZHMI120L: 12D4H i i (o 2 A K 5
FE 8L 16D AI24DAL(P<<0.05). M 27] LA
FH, ESLI T AR AT30d N, SEI6 i (& R ARE TS

*2 TRARFHTHRENFE., HEEKE. RBERNERAYK

Tab.2 Body weight, specific growth rate, feed conversion ratio and survival rate of koi carp in different light conditions

fif ] S HIL:D Y EIUNES KRR E K e KFESGR TR R BFCR FRIE SR
Time Different light Initial body weight Terminal body weight  Specific growth rate Feed conversion Survival rate
(d) conditions (g) (2) (%/d) ratio (%)
15 24:0 127.52+5.62 164.47+8.04 1.70+0.05 2.1320.15° 98.66+3.76
18:6 126.28+5.11 163.13+7.95 1.71£0.06 22440.12° 100.00:£0.00
12:12 127.3245.34 163.04+7.91 1.65+0.05 2.44+40.18° 99.33+3.52
8:16 125.23+5.13 161.29+8.06 1.69+0.05 2.46+0.18" 100.00£0.00
0:24 125.39+4.69 161.11£8.11 1.67+0.06 2.43+0.17° 98.00+2.1.9
30 24:0 125.3844.91 208.23+11.63 1.69+0.05 2.0240.11° 100.00+0.00
18:6 125.3+5.13 206.87+11.74 1.67+0.06 2.11+0.09° 99.33+4.07
12:12 124.89+5.14 205.66+12.16 1.6620.05 2.4540.15° 100.00:£0.00
8:16 127.3245.34 208.92+11.64 1.65+0.04 2.5440.16" 99.33+2.94
0:24 127.29+4.98 207.09+12.09 1.62+0.04 2.51+0.16" 99.32+3.12
45 24:0 126.38+5.36 280.19+13.16" 1.71£0.07" 2.01+0.12° 100.00£0.00
18:6 127.93+5.63 272.22+13.47" 1.74+0.07" 2.09+0.10° 99.32+4.32
12:12 127.87+5.09 273.28+13.21" 1.69+0.06" 2.3440.17° 99.32+3.78
8:16 125.08+5.54 241.97£10.52° 1.47+0.05° 2.5240.21° 99.32+3.40
0:24 124.6245.61 237.08+10.37° 1.43£0.05 3.15+0.36° 100.00+0.00
60 24:0 128.93+4.68 361.81£18.91" 1.72+0.05" 2.03+0.09° 100.00+0.00
18:6 126.83+4.87 353.33£19.13" 1.71+0.07°" 2.00+0.10° 100.00+0.00
12:12 125.91+5.13 348.55+16.41" 1.70+0.08" 2.73+0.12° 100.00+0.00
8:16 126.73+5.46 312.19+15.88° 1.50+0.04° 2.68+0.14° 100.00+0.00
0:24 125.02+5.15 307.07+16.02° 1.50£0.05" 3.4240.22° 100.00£0.00
75 24:0 127.78+5.32 458.22+21.34" 1.70+0.05" 2.01+0.12° 100.00+0.00
18:6 128.17+5.26 447.19+22.16" 1.67+0.06" 2.08+0.10° 99.32+3.21
12:12 128.38+5.19 438.24+20.38" 1.64+0.03" 2.8940.16 99.3242.93
8:16 126.17+5.37 378.11419.13¢ 1.46£0.05 2.95+0.18" 98.65+3.95
0:24 125.09+5.51 368.87+19.34° 1.44+0.02° 3.28+0.23" 97.95+3.84
90 24:0 128.93+4.91 587.98+25.46" 1.69+0.06" 2.19+0.12° 100.00£0.00
18:6 127.88+4.96 573.12+25.69" 1.67+0.06" 2.21+0.13° 100.00+0.00
12:12 128.93+5.40 554.65+21.18" 1.62+0.05" 2.99+0.18° 100.00+0.00
8:16 128.0245.11 483.33+£21.47° 1.48+0.07° 3.0240.32° 100.00+£0.00
0:24 126.94+5.31 429.61+£19.64° 1.35+0.05° 3.36+0.35" 100.00+0.00

T R bR AN F) TR [ — I 1R B R G AR 3R 26 AR 7] 22 7t 85 2 (P<<0.05); BT A i (xxSD, n=30)37R; N [F)

Note: Different letters on top of the column denote significant differences between treatments at given time points (P<<0.05). Data are
presented as means£SD, n=30. The same applies below
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BEER(P>0.05), MFEASKELIGEER, 2414
18L:6DZH 121 12D & R A 5 1. % 5 T-8L: 16D
ZHF124DZH(P<<0.05), 24LZH 3515 i K A4 E.(587.98+
23.86) g, 24DZH 4G i /IMA H JY(429.61+19.73) g.

TESZI6 AN, 55 Ab 3 21 i 0 25 R 1k 25 34 18
(E 1), H KR, fE120 12D BT T, 57
i 2R AR [ 28 PE R T FE A RER N0.9755(K 1A),
Q4L () A R B R, REEEM0.6491, FLiRON
18L:6D4L, 1% 50.6320; 24D K i iR A= K 1ok iF
w12, R#H0.4291.
22 EEESEC

K 3INAEPDEIGEAE T F75A90d, V345 v T4
R AR B e EAFRRE SO I B LE .tk 3
AL, FEASFDGJE B4 T, SRt AT Re
LR, HGE R KR, &40 e TR
Wae A A KR LLE], /£24L:0D. 18L:6D.
12L:12DAISL: 16DVUZH 2 [A] ¢ &2 3 72 5+ (P> 0.05),
{HAEOL 1 24D A7 1 i 3 2 7 (P<<0.05), 73 BL T1X

=0.6491x—0.5851
R*=0.9755

4)=0.632x-0.5743
R>=0.972

1.00

S 4.00 & 4.00
3 3.50 b
g 3.00 g 3.00
3 5 250 %
= S 2.00 § = & 2.00
3= 2 1.50 I 2
50 5
2 0.0 2

0.00

15 30 45 60 75 90
EESE LD

Days after treatment

15 30 45 60 75 90
PSR R R AL

Days after treatment

3.00
2.50
2.00
1.50
1.00
0.50

C 12L:12D* D 8L:16D*

84

®0.6011x-0.5125

R?=0.9803

#,-0.4867x-0.3536
R=0.9716

El
Weight increas rate (%)
7
S
El
Weight increas rate (%)

0
15 30 45 60 75 90
RIS RH

Days after treatment

15 30 45 60 75 90
PR

Days after treatment

3.00
2.50
2.00
1.50
1.00
0.50

E 0L:24D

*,-0.4291x-0.2344
R*=0.9893

TR
Weight increas rate (%)

0
15 30 45 60 75 90
PR

Days after treatment

BT TR S5 T i 0 R F 2k e U 43 A
Fig. 1 Linear regressive analysis of koi carp body weight increase
rate in different light conditions
A-EZ3 IFORAFEDE AL B 26 £ 15d 30d. 45d. 60d. 75di!
90dH H F; Fir A idle FH (3 £SD, n=30)2%7R
A-E represent the weight increase rate in differerent light
conditions of 15d, 30d, 45d, 60d, 75d and 90d, respectively. Data
are presented as means+SD, n=30

PR AN AR RE I L A9 B SR B, 2k T R AN 3
fH RE I EL A 55 = (P<<0.05).
23 HYHEXEREREETK

B8 20 0L, Clock®E K FHXT R 1A B AE24L:0D
JET IR SEAE R e i, I35 T ARG G % 1 Ak
H(P<<0.05); Per2 &K 1) AHX K& B AE18L 16D
JA WAL HE 2 B vy, {H18L 6D 5120 12D4. 8L:
16DZH. OL:24DIa]JC i 3 2 7(P>0.05), Per25: ]
RN IE B E24L ¢ ODZH /NP <<0.05); Cryldk

#3 FREABEH THEMNEERNX

Tab. 3 Total energy budget of koi under different light conditions
(%)

LD C P/C R/C F/C u/C
24:0 100 31.1624.01"56.46=4.63" 4.11+0.83" 8.27+0.74"
18:6 100 30.81%3.64"55.12+4.78" 5.68+0.81° 8.39+£0.93"
12:12 100 31.45+3.58%54.27+4.32" 5.47+0.75" 8.81+0.82°
8:16 100 29.73+3.87"55.45+5.11" 5.83+0.76" 8.99+0.94°
024 100 24.27+3.67°46.27+4.79° 10.44+1.21° 19.02+£0.67"

W CLOERERE; P/C. BAKAEAR A RS R/IC. AR e/ &g,

F/C. #ERE/AR & hE; U/C. HEMtRE/ AR & it

Note: C. Feeding energy; P/C. Total growth energy/Feeding

energy; R/C. Metabolic energy/Feeding energy; F/C. Fecal
energy/Feeding energy; U/C. Excretory energy/Feeding energy

_ 8 a Ao, a 2 o, 0
e I v 8 | I
w60 e ¢ Sl o
Ha 1 u 6t
KE 44 »
e | 4t
EE ol '
5 2
2
ol LI LI L L Ly
C D
0,2 & b 8
s b : Lo
‘B 8t ¢ 6
o 2 b d
K& 6t I
RS b 4t
£e 4y »
Egzy 2 ¢
5 2 i
il
0 : L Lo :
S P &P S PP

DASNSORIE NG
Y8 FE3Y] Mlumination period Y& 3] Tlumination period

Pl 2 A [) s HER S X i S 2 i PRI o 2524 2 ) R
Fig. 2 Effects of different light conditions on the relative
expression of four biological clock genes in koi carp
A—D7 MR IR AR AL B A T Clock Per2. CrylAil
Bmal 1% 26 i A4k P ThbR A 7R IR 5 B 0 ) — S PR 7 R
(] e A B2 T ARG R0 B 22 57 B 25 (P<<0.05); B 28 FH (o
SD, n=10)%R
A—D represent the gene expression changes of Clock, Per2, Cryl
and Bmall under different light treatment conditions, respectively.
Different letters indicate the relative expression of the same gene
is significantly different under different light treatment conditions
(P<<0.05). Data are presented as means+SD, n=10
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ER] A AH X #6328 B FE24 L OD AT 1 8L - 6D AN il i 4k
RN, W& T HAOCIRAEA, Cryldt
(1) A 6 3 3k R HoAth e AL B AR 121
12D > 8L:16D > 0L :24D; Bmall %= R (kR 2k &
TE 40 A PR A 1) T 6 35 M 22 5 (P>0.05) .
3 iTig
3.1 $REMeEKNRENEH

TEHRIAEE, e A IE N E BRI 72
—, AT DUt A K AN B AR
2. Hamed 5" BILAE K6 HE IR 1] 7T LA B S
BB D 8 (Danio rerio)f/E KA B tERe" . R
g%ﬁ@ﬁﬂ(Camssius auratus)ff 16L: 8D A &AL
iR AR . A K SRR R R B 25 v T A
e B AN R, KV (Salmo salar) T 7E 282
St R 3R R E T, 88 Cyprinus carpio)E F 6
HEOR T 6—Oh A K B B W m . K 2 Hhfu 282k
T 10— 120 A I ER st A Seseth, A
HE#A(24L:0D. 18L:6D. 12L:12D. 8L:16DAI
0L:24D)4b345d)5, iE L6241 10D A KOG I
18L:6D. 12L:12DX} i 4y fa (1) 4 RARE . KEE
A KR 3G N B A 23 R (P<<0.05), 8 i 25 14 1]
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VARIOUS PHOTOPERIODS ON GROWTH, ENERGY BUDGETS AND GENE
EXPRESSION OF CIRCADIAN CLOCK IN
KOI CARP (CYPRINUS CARPIO)

SHI Dong-Jie"*, WANG Wen-Feng’, LI Wen-Tong"?, WEI Dong', WANG Sai-Sai"” and JIANG Ju-Feng’

(1. Fisheries Research Institute, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100068, China; 2. Key Laboratory of
Urban Agriculture (North China), Ministry of Agriculture and Rural Affairs, Beijing 100097, China; 3. Beijing Fangshan District
Breeding Industry Technology Promotion Station, Beijing 102488, China; 4. Tianjin Agricultural University Fisheries College,
Tianjin 300380, China; 5. Tianjin Fisheries Research Institute, Tianjin Ornamental Fish Technology and
Engineering Centre, Tianjin 300221, China)

Abstract: This study explored the effects of different photoperiods (long light 18L:6D, short light 8L: 16D, continuous
light 24L.:0D, continuous darkness OL:24D and control group 12L:12D) for 90 days on the growth, energy budget and
relative expression of circadian clock genes on the juvenile koi (Cyprinus carpio). The results showed that the survival
rate of each group had no significant change (P>0.05), and the feed coefficient of 24 L group and 18L:6D group was
significantly lower than that of 12L:12D group, 8L 16D group and 24D group (P<0.05). The terminal body weight,
feed coefficient and specific growth rate were not affected by light for the first 30 days of the experiment (P>0.05), but
significantly changed for the last 30 days of the period. Prolonging light cycle, especially continuous light, signifi-
cantly increased the terminal body weight and specific growth rate (P<0.05), while the feed coefficient decreased signi-
ficantly (P<0.05). Compared with the continuous light and dark 240L:024D group, the ratio of koi fish feeding energy
distribution in metabolism and growth increased significantly in other photoperiod treatment groups (P<0.05). The rela-
tive expression levels of Clock, Per2, Cryl and Bmall biological clocks genes have no obvious chaenge. These find-
ings indicate that prolonged illumination time, especially continuous illumination, is beneficial to the growth and deve-
lopment of juvenile fish in koi fish, combined with the experimental results of growth performance, energy budget and
biological clock gene expression level under different photoperiods, while prolonged illumination or continuous illu-
mination is beneficial to the growth and development of juvenile fish of koi.

Key words: Photoperiod; Energy distribution; Day-night rhythm; Cyprinus carpio
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